Introduction
Dyes are widely used in industries such as textiles, leather, printing, food, plastics, etc. The removal of dyes from industrial wastewaters is a major problem. Conventional methods for the removal of dyes from waste water include adsorption onto solid substrates, chemical coagulation, oxidation, filtration and biological treatment. [1] . Several methods to treat industrial effluents have been developed for decontamination purposes including coagulation, chemical oxidation, membrane separation, electro-chemical process, and adsorption techniques.
Adsorption was recognized to be a promising and a cost effective process to remove dye stuffs from aqueous solution. Many kinds of adsorbents have been developed for various applications. Due to its effectiveness and versatility, activated carbon is widely employed in water and wastewater treatment [2] .
The operating cost of activated carbon adsorption is still high. Problems of regeneration and difficulty in separation from the wastewater after use are the two major concerns of using this material [3] .
The absorption of methylene blue dye by clay minerals is currently used for determining either their cation exchange capacities [4-6] or their surface areas [7] [8] [9] . However, the usefulness of the method is often questioned [10; 11], and confusions have arisen when it comes to understanding which of these properties is being primarily measured. In some cases, it appears that when the clay surface is more or less covered by methylene blue ions, a more or less complete exchange of the initial cations by the dye also takes place, which explains the difficulty of knowing which property primarily is measured.
Adsorption is one of the effective separation technique to remove dilute pollutants as well as offering the potential for regeneration, recovery and recycling of the adsorbend material [12] .
The application of clays known a considerable development in many industrial sectors such as: oil industry, oil purification ..... and this study aims to extend the use of local clays to new fields of application and particular fading in them, the food encapsulation of essential oils in cosmetic.
To do this we conducted physico-chemical studies and studies of the mechanisms of adsorption and desorption kinetics of Methylene Bleu on Na-bentonite (smectite clay).
because of its known strong adsorption onto solids. The dye stock solution was prepared by dissolving accurately weighted methylene blue in distilled water to the concentration of 500 mg L -1 . The experimental solutions were obtained by diluting the dye stock solution in accurate proportions to required initial concentrations.
II-2. Purification and preparation of sodium Bentonite
In this method a mass of 1 Kg of raw clay is dispersed in 5 liters of distilled water with a solid/liquid ratio: 1:5. The mixture was stirred for an hour, until the homogenization full suspension, followed by treatment by HCl (0.5 M) to remove carbonate. The resulting mixture was washed by H 2 O 2 (10%) to oxidize organic matter.
The resulting product was then washed extensively (6 times) with NaCl 1M and centrifuged to give saturated clays. The dark grey residue in the centrifuge tube was eliminated because it contained the fraction enriched in impurity (quartz, cristobalite, feldspar …)
The samples were then washed and dialyzed against distilled water until the conductivity in the dialysis bath was less than 2µS/cm. The granular fraction size ≤ 2 µm were then obtained by accurate sedimentation. The air-dried clays were gently grounded to give a powder [13] .
II-3. Characterization
The natural samples purified and modified clay are subjected to analysis and identification by X-ray diffraction (XRD), infrared spectroscopy (IR) and Thermal analysis.
X-ray diffractograms were recorded in a Shimadzu XRD diffractometer D6000 stations working on the monochromatic copper Kα1 radiation (1.
Å). (Figures 2).
Infra Red (I.R) spectra were acquired using a Shimadzu Fourier Transform spectrometer over a range varying from 400 to 4000 cm -1 with a resolution of 2 cm -1 , and the samples were prepared in the form of a dispersion in a vial KBr (1/200 by weight) (Figures 3).
Thermal analysis was carried out in a SHIMATZU D6000 coupled to a DC ampler and temperature controller. Data from DTA-TG were obtained in all cases at a heating rate of 5°C/min between 30 and 1000°C and under N 2 atmosphere (Figures 4).
II-4.
Adsorption studies It is widely accepted that the process of adsorption can be represented by four consecutive steps [14] . (Figure 1 ) describes the progression of a molecule of adsorbate from the bulk towards the site of adsorption.
It is important to note that intra-particle mass transfer involves two different phenomena: porous diffusion (the adsorbate first diffuses in the liquid filling the pores and then is adsorbed) and surface diffusion (the adsorbate is first adsorbed then diffuses from one site to another).
The convective progression of step 1 appears to be very fast compared to the diffusion through the outer layer and within the particle. The concentrations of the liquid bulk will only be governed by the overall mass balance and the hydraulic behaviour of the vessel.
An instantaneous reversible reaction is assumed for the real adsorption step (step 4). The liquid phase concentration of adsorbate and the adsorbate load at the car-bon"s surface are locally related by an equilibrium law.
Thus adsorption kinetic is governed by external mass transfer and internal diffusion i.e. by the coefficients K F , D P and D S . In order to simplify simulations, models that take into account only two coefficients were developed. As noticed by [15] the contribution of D S is 20 times as important as the D P contribution. Later, in a review paper, [16] mentioned several other authors confirming this observation [17] . Therefore a model based only on K F and D S will be used here. In this study we Preparat a series of different product concentration Co (20 ml), and 0.5% to the suspension of clay is added 0.5 grams of clay in 100 ml of distilled water and then adding 5 ml of suspension to 20 ml our Co solution, and placed under stirring for 24 h (balance) at a temperature of 19 °C. then centrifugation at a speed of 10000 rev/min for 20 minutes, the equilibrium concentration of Methylene Blue was measured by UV. The amount adsorbed on clay was calculated from the initial concentration and final concentration of the products determined by UV-visible spectroscopy.
The desorption experiments were carried out after an adsorption step in the same conditions as described above. After adsorption and phase separation by centrifugation, the supernatant solutions were discarded. Volume of solution remaining in the pellets was calculated by weight and the amount of non adsorbed Methylene Blue was calculated. Account was taken of the Methylene Blue remaining in the solution of the moist clay pellet in calculations of the fraction desorbed. The adsorption capacity of Methylene Blue molecules adsorbed per gram adsorbent (mg/g) was calculated using the equation:
With: C 0 is the initial concentration (mg/L), Ce is the equilibrium concentration, V (ml) is the total volume of the sample, m (mg) is the mass of clay used and qe is the amount adsorbed mg per grams of clay (mg/g). The product under consideration adsorption isotherm is obtained by drawing the curve: qe = ƒ(C e ) For the adsorption experience, the mass of Methelene Blue that was lost during the balancing of the solution was supposed to be adsorbed by the clay. The dye percent removal (%) was calculated using the following equation:
Ce Co
The sequential (adsorption / desorption) run were conducted to determine the mobilization factor 
II-5.
Adsorption kinetic The adsorption kinetics shows the evolution of the adsorption capacity through time and it is necessary to identify the types of adsorption mechanism in a given system.
The dynamics of sorption describes the rate of MB uptake on Na-Bentonite and this rate controls the equilibrium time [19] . Information on the dynamics of sorption is required for selecting optimum operating conditions for the full scale batch process [20] .
For kinetic studies, solutions of 3.66, 4, 5, 8, 10 and 20 mg L-1 methylene blue, as the initial concentration each, were treated with 17.566 mg L-1 of Na-bentonite at a constant temperature of 292 °K. The mixtures were then subjected to agitation at 500 rpm. In all cases, the working pH was that of solution 5.33 Mixtures were taken from the shaker at appropriate time intervals (1, 5, 10, 15, 20, 30, 45, 60, 90 , 180 min) and the left out concentration in the methylene blue solution was estimated as have been explained before. 
III.
Results and discussion
III-1. Characterization of the bentonite

 Chemical analysis:
The major element composition of the investigated clay mineral is presented in Table 2 clay. Chemical analyses of the samples are given in Table. 1.
The samples of clays were characterized by XRD (X ray diffraction), DTA-TGA (Differential thermal analysis and thermo gravimetric analysis) and (I.R) infrared.
The X-ray diffraction (XRD) of the powder of the purified bentonite showed that the latter is of the same family of smectites with reflection (001) located at 12Å. The presence of the line (06.33) at d = 1.49 Å showed that it consists of montmorillonite. The presence of crystalline phases in the form of impurities Quartz (Q) d = 3.34 Å was also noted.
 X-ray diffraction
The X-ray diffraction (XRD) of the Brute and purified bentonite powder shows that bentonite is of the same smectite family with reflection (001) at 14a. This shows that natural bentonite is a calcium form. The presence of the line (06.33) at d = 1.49 Å shows that it consists of montmorillonite. It is also noted that there is a presence of crystalline phases in the form of impurities Quartz (Q) d = 3.34 Å.
 FTIR spectroscopy
FTIR spectra of B-Na purified and raw bentonite clays are given in Figures 3 . Examination of the infrared absorption spectra of the crude and purified samples of bentonite shows absorption bands that are presented as follows [24] .
The spectra show two absorption bands between 3200 and 3800 cm -1 and between 1600 and 1700 cm -1 . The tape that lies between 1600 and 1700 cm-1 is attributed to stretching vibrations of the OH group constitution water plus the vibration binding adsorbed water. The band in the range 3200-3800 cm-1 with a strong peak at the shoulders 3435 and 3621 cm-1 characterize the montmorillonite and correspond to stretching vibrations of the OH groups of the octahedral layer is coordinated with Al 3+ Mg 2+ (3640 cm -1 ) or Al2 (3600 cm 
 Thermal analysis (DTA-TG)
Examination of the thermal analysis curve of the purified sodium bentonite in ( Figures. 4) , show, in the field of low temperatures , the existence of a 137 ° C intense endothermic phenomenon , this phenomenon is linked to the starting zeolite and the hygroscopic water of bentonites . Mass loss that accompanied these thermal accidents is very important, it is about 13.54 % of the initial mass. Another endothermic phenomenon of low intensity occurs at a temperature of 640 ° C. It corresponds to the departure of the structural water. The mass loss associated with this phenomenon is about 3.62 % of weight. The DTA curve also exhibits an exothermic accident to 894.25 ° C due to the crystallization of the bentonite.
The DTA curve relating to the Brute bentonite presents two endothermic phenomena at 100 °C and 240 °C. This duplication is due to the presence of two types of water molecules, these are respectively Hygroscopic and Zeolitic water. Two other endothermic phenomena of low intensity occur in the area of average temperature 580 °C and 680 °C correspond respectively to the strongly retained water and water of constitution. The DTA curve also shows a broad exothermic accident in the temperature range of 820 °C and 930 °C.
III-2. Data processing
The adsorption isotherm indicates how the adsorption molecules distribute between the liquid phase and the solid phase when the adsorption process reaches an equilibrium state.
The analysis of the isotherm data by fitting them to different isotherm models is an important step to find the suitable model that can be used for design purpose. There are several isotherme quations available for analyzing experimental adsorption equilibrium data.
In this study, the equilibrium experimental data for adsorbed MB on Na-bentonite sample were analyzed using the Langmuir and Freundlich models.
III-3. Adsorption isotherms and Equilibrium studies:  Adsorption isotherms, Solid/Liquid ratio and concentration effects
Under ideal saturated conditions, the solid liquid ratio should not influence the amount of organic or inorganic molecules adsorbed per unit of adsorbent. However, some interested studies have shown that both organic and inorganic contaminant adsorption is dependent on solid-liquid ratio to some degree [25] .
The ( Figure 5 ) shows the effect of initial concentration and for various solid/liquid ratios on adsorption of Methylene Blue onto Na-bentonite. Along with the increase of adsorbent dosage from 0.5-500 mg L -1 , the percentage of dye adsorbed increased to 96.91% and the decrease of the solid/liquid ratio showing the adsorption process to be dependent on the initial concentration and the content of the solid adsorbent. Above 400 mg L-1 of adsorbent dose, the adsorption equilibria of dye were reached and the removal ratios of dye kept almost invariable.
Initially, the adsorption isotherms of methylene Blue molecules show a rising part whose slope increases when the amount of solid decreases, suggesting a strong affinity of the molecules for the surface sites and translating one monolayer adsorption. The isotherm obtained is L-type by Giles classification [26] .
The amount of adsorption reaches a limiting value of around 309.677 mg g −1 for low solid/liquid ratio (0.13%). The high adsorption capacity for Methylene Blue uptake presented by Na-bentonite may be caused by adsorption by attractive interactions between the negative charge of Si-O-and the positive charge of Methylene Blue ion (MB+), (ionic exchange with the Na-bentonite).
 Effect of contact time and initial concentration on adsorption of MB onto the Na-Bentonite:
The adsorption kinetics study of chemical compound in aqueous solution is generally carried out for small concentration ranges.
The objective of this part is to investigate the apparent adsorption rate at different concentrations, and secondly, try to determine the rate constants and other useful sizing parameters.
The effect of initial concentration on the sorption of MB on Na-bentonite is presented in (Figure 5 ) This result was obtained at the initial concentration range of 3-20 mg/l of MB at a fixed sorbent dosage (0.17 g/l), T=19 °C, fixed agitation speed (500 rpm) and pH=5.64.
In the range of MB concentration studied, the uptake of the MB was rapid in the first 5 min. The rapid uptake then gave way to a much slower adsorption after 18 min (Figure 7) . This initial rapid uptake can be attributed to the concentration gradient created at the start of the adsorption process between solute concentration in solution and that at the Na-bentonite surface.
As the dye loading increases on the sorbent, this gradient reduces and gives way to a slower uptake
III-4. Equilibrium modeling
The analysis of the isotherm data by fitting them to different isotherm models is an important step to find the suitable model that can be used for design purpose. There are several isotherm equations available for analyzing experimental adsorption equilibrium data.
Three isotherms were tested for their ability to describe the experimental results, namely the Langmuir isotherm, the Freundlich isotherm and the Temkin isotherm.
 The Langmuir isotherm model:
The Langmuir adsorption model [27] is based on the assumption that maximum adsorption corresponds to a saturated monolayer of solute molecules on the adsorbent surface, with no lateral interaction between the sorbed molecules ( Figure. 8) .
The linear expression of the Langmuir model is given by Eq 5.
The Langmuir constants qm and K L were determined from the slope and intercept of the plot and are presented in Table 2 .
The essential characteristics of the Langmuir isotherm can be expressed in terms of a dimensionless constant separation factor RL that is given by Eq. 6 [28]:
Where C 0 is the highest initial concentration of adsorbate (mg/L), and K L (L/mg) is Langmuir constant. The value of R L indicates the shape of the isotherm to be either unfavorable (R L >1), linear (R L =1), favorable (0<R L <1), or irreversible (R L =0). The R L value is < 1 indicates that the adsorption model is not conformed.
 The Freundlich isotherm model
The Freundlich isotherm is an empirical equation employed to describe heterogeneous systems. The linear form of Freundlich equation is expressed:
Where K F and n are Freundlich constants with K F (mg/g (L/mg), (1/n) is the adsorption capacity of the sorbent and n giving an indication of how favorable the adsorption process. The magnitude of the exponent, 1/n, gives an indication of the favorability of adsorption.
The Value of K F and n are calculated from the intercept and slope of the plot ( Figure. 9 ) and listed in Table 2 .
The plot of amount adsorbed (Ln qe) against the equilibrium concentration (Ln Ce). (Figure. 
 The Temkin isotherm model
Temkin and Pyzhev considered the effects of some indirect sorbate/adsorbate interactions on adsorption isotherms and suggested that because of these interactions the heat of adsorption of all the molecules in the layer would decrease linearly with coverage [31] .
The Temkin isotherm has been used in the following form. Table 2 .
 Dubinin-Radushkevich (D-R) isotherm model
The equilibrium data were also applied to the Dubinin-Radushkevich (D-R) isotherm model to determine if adsorption occurred by physical or chemical processes.
The linearized form of the D-R isotherm [32; 33] is as follows:
Where β is the activity coefficient related to mean adsorption energy (mol²/J²) and ε is the Polanyi potential
The D-R isotherm is applied to the data obtained from the empirical studies. The mean adsorption energy, E (kJ/mol) is as follows: Table 2 , the Freundlich isotherm fits quite well with the experimental data. Examination of the plot suggests that the linear Freundlich isotherm is a good model for the sorption of the Methylene blue onto Na-bentonite. Table 2 shows the linear Freundlich sorption isotherm constants, coefficients of determination (R²) and error values. Based on the R² values, (correlation coefficient R² > ). The linear form of the Freundlich isotherm appears to produce a reasonable model for sorptions in all three ratios, implying the presence of the highly energetic sites were the molecules of methylene blue were adsorbed. After the point of inflection of the experimental data, the Freundlich isotherm predicted that the equilibrium adsorption capacity should keep increasing exponentially with increasing equilibrium concentration in the liquid phase.
However, the experimental adsorption isotherm for methylene blue presented a plateau at higher equilibrium concentration, implying the saturation of adsorption sites and the maximum filling of the pores. Thus, Freundlich model should not be used for extrapolation of this data to higher concentration (problem of high-saturation), [34] .
III-5. Desorbability
The adsorption and desorption isotherm of thymol on pillared clays was presented in (Figure. 11 ). In this study, the pillared clay and thymol interaction was partly non-reversible, in water and in the same conditions of equilibrium adsorption:
The higher adsorption affinity of methylene blue is attributed to stronger hydrophilic interaction between the positives and negatives charges of the surface and the MB + cation (dipoles interactions). The ( Figure. 11) also show that there was no appreciable desorption resistant fraction of methylene blue in Na-bentonite after desorptions. This figure shows that methylene blue was more resistant for desorption. A solute with higher Kow-exhibited a higher sorption affinity and a higher resistance for desorption in Nabentonite. The resistance of the desorption is very low because the binding is due to adsorption by a cation exchange and the ionic interaction between an organic cation and the negative surface of the carrier (chemical adsorption) to making fastening connections between the MB and the highest surface areaIn order to study.
III-6. The adsorption mechanism
The mechanism of sorption and potential rate determining steps, different kinetic models have been used to test experimental data obtained from 2 process variables (initial MB concentration). The sorption dynamics of the adsorption by Na-bentonite were tested with the Largergren pseudo-first model, proposed in 1898 order [35; 36] the chemisorptions pseudo-second order [37] , Elovich kinetic model [38] , the intra-particle diffusion model [39] , and liquid film diffusion model [40] .
 Pseudo-first order model The adsorption kinetics can be described by a pseudo-first order equation as suggested by Lagergren:
Where; K 1 (min-1) is the rate constant of the pseudo-first order model and qe and qt are the sorption capacity at equilibrium and at time t, respectively (mg/g).
After the integration applying boundary conditions, viz that the initial conditions are (q e -q t ) = 0 at t = 0, equation becomes:
The values of log (qe -qt) were linearly correlated with t. The plot of log (qe -qt) versus t should give a linear relationship from which K 1 and qe can be determined from the slop and intercept of the plot, respectively [41; 42] . The applicability of the pseudo-first order equation to experimental data generally, differs in two ways; the parameter does not represent the number of available sites and the parameter log (qe) is an adjustable parameter and often found not equal to the intercept of the plot log (qe -qt) versus t, whereas in true first order, log (qe) should be equal to the interception. Figure 12 depict the pseudo-first order plots at different initial concentration and the constant parameters are shown in Table 2 .
 Pseudo-second order model
The pseudo-second order equation developed by Ho can be written as
Where; K2 (g mg -1 min -1 ) is the rate constant of the pseudo-second order. Integrating Equation (14) for the boundary conditions t= 0 to t = t and q = 0 to q = qe gives: The fit of the experimental data to pseudo second order kinetic model at different initial concentration are shown in Figure 13, [41; 42] . The constant parameters are shown in Table 2 .
 Elovich model (G¨unay et al., 2007)
In reactions involving chemisorption of adsorbate on a solid surface without desorption of products, adsorption rate decreases with time due to an increased surface coverage. One of the most useful models for describing such "activated" chemi-sorption is the Elovich equation [43] . The Elovich equation can be written as [35] :
Where; α is the initial adsorption rate, and β is the desorption constant during each experiment. The fit of the experimental data to Elovich kinetic model at different initial concentration are shown in Figure 14 . The constant parameters are shown in Table 2 .
 Macro and micro-pore diffusion
The mechanism of adsorption of a sorbate on a sor-bent follows a series of steps. The slowest of these steps control the overall rate of the process. Generally, pore and intra-particle diffusion are often-rate limiting in a batch reactor while, for a continuous flow system, film diffusion is more likely the rate limiting step [44] . Though there is a high possibility for pore diffusion to be the rate limiting step in a batch process, the adsorption rate parameter, which controls the batch process for most of the contact time, is the intra-particle diffusion [39; 19] . The most widely applied intraparticle diffusion equation for sorption system is given by Weber and Morris (1963) [39] .
 The intra-particle diffusion model I and II
Several steps are involved in the sorption of sorbate by a sorbent. These involve transport of the solute molecules from the aqueous phase to the surface of the solid particulates and diffusion of the so-lute molecules into the interior of the pores, which is usually a slow process [19] .
The intra-particle diffusion rate constant (kid) is given by the following equation:
The fit of the experimental data to intra-particle diffusion I & II order kinetic model at different initial concentration are shown in (Figure 15 & 16) . The constant parameters are shown in Table 3 .
When intra-particle diffusion plays a significant role in controlling the kinetics of the sorption process, the plots of qt versus t 0.5 yield straight lines passing through the origin and the slope gives the rate constant kid. Another type of intra-particle diffusion model is expressed as [39; 45] :
A linearised form of the equation is given as J. C. Igwe, and A. A. Abia [46] :
Where, R is the fraction of the amount adsorbed, t is the contact time (min) "a" is the gradient of linear plots; Kid is the intra-particle diffusion rate constant (min -1 ).
 Liquid film diffusion model
However, when the transport of the solute molecules from the liquid phase up to the solid phase, boundary plays the most significant role in adsorption; the liquid film diffusion model may be applied as follows:
where F is the fractional attainment of equilibrium F = q t q e and Kfd is the adsorption rate constant. A linear plot of -ln (1-F) VS t with zero intercept would suggest that the kinetics of the sorption process is controlled by diffusion through the liquid film surrounding the solid sorbent [19] .
The fit of the experimental data to the liquid film diffusion kinetic model at different initial concentration are shown in (Figure 17 ). The constant parameters are shown in Table 3 .
Three kinetic models; pseudo-first order, pseudo-second order and Elovich models were used to fit experimental data to examine the adsorption kinetics.
The pseudo first order rate constant, K 1 ranged between 6.42 10 -2 to 1.391 10 -2 ( Table 3 ). The result showed clearly that K 1 is independent of initial concentration.
Similar result has been presented in literature [47; 48] . However, the experimental adsorption capacity was observed to increase with increased initial Concentration ( Table 3) .
The pseudo first order theoretical qe values, obtained from the intercept of the linear plots, were compared with the experimental qe values ( Table 3) .
The pseudo first order kinetic model suffered from inadequacies when applied to MB sorption on B-Na at varying MB concentrations. The experimental qe values differ from the corresponding theoretical values. Discrepancies of this nature have been reported [37] . Owing to the low linearity of the plots obtained from this study and the discrepancies noted in the theoretical and experimental values of qe, chemisorptions pseudo second order kinetic model was also used to test the data obtained from the same studies.
It is seen that the pseudo-second order model well represented the experimental data (R² > 0.99997). Similar results have been observed in the adsorption of methylene blue onto dehydrated wheat bran carbon [49] , montmorillonite super adsorbent nanocomposite [50] .
The value of the pseudo second order rate constant K 2 was found to generally decrease as the initial concentration increased from. Increasing MB concentration in solution seems to reduce the diffusion of MB in the boundary layer and to enhance the diffusion in the solid.
The value of K 2 , on the other hand, increased from 8.67 10 -3 to 3.44 10 -2 as the temperature increases, confirming that the adsorption process is endothermic in nature. The increase in value of K 2 with temperature is due to increased mobility of the. It can also be seen from the Table 3 that the equilibrium sorption capacity qe (cal) it"s the seem to corresponding theoretical values.
The values of the constants "K id "and "a", are shown on Table 4 . The values of "a" and K id were calculated from the slopes and intercepts of the plot respectively. The values of "a" depicts the adsorption mechanism and K id may be taken as a rate factor [51] .
A relatively high R 2 value of Intraparticle diffusion model I indicates that the model successfully describes the mechanism of adsorption kinetics. If the regression of qt versus t 1/2 is linear and passes through the origin, then intra-particle diffusion is the slaw rate-limiting step. However, the linear plots ( Figure. 15 ) at each concentration did not pass through the origin. This indicates that the intra-particle diffusion was not only rate controlling step. So the multiple nature observed in the intra-particle diffusion plot suggests that intra-particle diffusion is not solely (18 min for equilibrium) rate controlling. External mass transfer of MB molecules on to pillared clay is also significant in the sorption process, especially at the initial reaction period (75 % of amount adsorbed in the first 10 min).
IV.
Figures and Tables 
Conclusion
The potential applicability of Na-bentonite clay to adsorb Methylen blue molecule from aqueous solution was investigated at various adsorbent doses. Maximum adsorption of thymol, i.e. ≥ 90 % has been achieved in aqueous solutions by using 25 mg of clay in 20 ml of thymol solution. The maximum adsorption reached in this case is 309 mg per gram of sodium bentonite. The Freundlich isotherms were found to be applicable for the adsorption equilibrium data of MB on Na-Bentonite. The adsorption kinetics of MB on NaBentonite belong to the pseudo-second order. The intraparticle diffusion plot confirmed that the sorption process was particle diffusion controlled. The regression models that were generated for these equations could be used as predictive models for MB sorption on Na-bentonite at any other contact time. The amount of MB released (desorbed) from the Na-bentonite clay was negligible in water. Mechanisms involved in the adsorption, which explain the high MB uptake and irreversibility, were the molecule fixed by the adsorbed clay on polar groups (Al-O-and Si-O-) (remaining) sites onto the basal plane and on the layer silicate edges. It is believed that due to these properties, Na-bentonite clay, shows much potential as an adsorbent for thymol.
